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SUMMARY^ . __ 

par I of a lonf-ranf c, protpmK^ siudy of the health effects of air polJuiiofi, apfwoxliiiaiely 1,000 chil* 
dren fiom 6 )r\ lo 10 yrs cd* age from 6 communities had quesilonnaires completed by ihcir fkireAii and I 
had simple ^piromciry performed In school. Comparisons srere made beiaeen children living in homes 
wiili gas kioves and iluHe living in homes with eleciric sim^. ChtUrtn from households with gas stoves 
had a greaicr history of respiratory illhess before age 2 Cas*erage difference, J2.5/1,000 children) and 
small but significantly lower lesels of FEV^ and FVC corrected for height (average difference. Ib miand 
IM ml. respectively). These findings werenoi explained by diff^encts in KKial class or by parental smol* 
iiig habits. Measurements takenlin the homes for 24-h periods showed lhal NOi levels were 4 to 7 limes 
higher ill homes with gas sioscs than in homes with electric stoves. However, these 24*hmeasuremenii 
weic generally welt below the cur tent fcilcul N<hoiitdiHM standard of lti)pg/m*. Shistl-ierm peal expo* 
suiiev. which were in cxecss nf HI00|ig/m\ regularly occurred in iiichaiv. Furihei work will be tcttuiiedi 
to dcicrmmc the imptuiance of these shori*ternt peaks in explaining the effects noted. 


Introduction 

There is liiilc doubt that NOt at high concentric 
lion is asMKiuicd with acute pulmonary edema 
and death. Silo nikr's ilKcase in which farmers 
arc exposed to concenirAitons of NOi in cxccss of 
200 ppm (17bi(KX) iig/mf) with a resultant occurs 
rence of acute piiliiuinary disease and occasionally 
death was dcsciihal in the 1950s (|)i Farmers sur¬ 
viving sueh exposures can develop pulmonary fp 
brusis. 

(Ifnrrirr/ m urwffai /mpi July Ji 1979 and wf ftyised 
/i^rm OCiolicr M. 1979) 

* From (he Ocparimriiis of Physiology, Uiostatltiics, 
a IK) (: n V ir ontnciii a 11 It ra h h SvicrKcs, t larva rJ H<?hool of i 
Public Iteahh. and ihe ('banning Laboratory, Depart^ 
mrni of Xtedicine. Horvaid Medical School and Peter 
licnt Itrigham llospiiaL Dosion, Mass. U2I15, 

* Supported in pari by grams fioiii the NationalinsiL 
lute of Fnvironinciiial Health iHricnces (r.SDDD2, 
liSOIIOKK Ll^cntc Power Research Institute Contract 
No RP 1001 rpRL and nPA CiinlractNo. i:P68-02r 
3201. 

* Preiemedlin part at the Symposium on Health Ef¬ 
fects of Nil rogen Ox ides, ACS/CS J Chemical Congress 
1979, American Chemical Society,,Chemica) Society of 


Recently, concern over the effccis of indoor ex¬ 
posure to lesser conctnl rat ions of NOh both re¬ 
peated short-term peak exposure and continuous 
low exposure, has led to studies of children (2) 
and housewives (3) but with inconsistent resulls. 
Melia and co^workers (2) from Great Rriiain re¬ 
ported higher rates of lower respiratory disease in 
school! children living in households with gas 
cooking sfoves than in those living in households 
with electric stox^* These differences in rates 
could not be explained! by social class or differ¬ 
ences in household siae, However. ihls study did! 
not lake into account the smoking habits of the 
parents of these childi^n. Subsequently, Melia 
and CO-workers (4) found that households with 
gas cooking stoves had 7 times higher concenira- 
tions of NOi In tihc kitchen than did matched 
households with electric cooking devices. Simlliir 
studies In the United States found conccnirotlons 


Japan, tIOfiolulu, Hawaii and at American Thorti^ 
Society Meeting, May 1979, Las Vegas, Nevada. 

* Requests for reprints should be addressed to Frank 
E. Spelter^ M.D., Department of Phytioiogy, Harvarg 
Schoollof Public Hcitth, 66^ lluntIngionAve., Boston, 
Matt. 02115. 
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of NO] 4 times greater in kitchens of households 
with gas stoves than in those with electric stoves 
(5). The NOi appears to be prodiiCeJ by the oxi- 
-dation of NO when natural gas as a fuel for cook* 
mg is burned in the atmosphere. The conversion is 
rapid* and the NOi spreads quickly throughout 
the house. In contrasi to the Melia study of chit^ 
dfen (2)« a study of adult women Itving and work* 
tng ihi householdi with gas stoves compared with 
those living and working in households with elec* 
trie stoves did not show increased re^iratory dis¬ 
ease rates (3): 

The results reponed here were obtained as part 
of a long-range prospective study on the health ef- 
fecis of exposure to ambient levels of pollutants 
resulting from the burning of fossil fuels. In this 
study* adults between the ages of 25 and 74; sc- 
Iccied at random from 6 communities in the east¬ 
ern United Stales, aie seen every 3 years, and 
school chiidien (imtiatiy seen in grades 1 and 2) 
are seen annually. This report is based on the ini¬ 
tial measurements of pulmonary function and inr 
formation on respiratory diseases obtained in the 
children only in the 6 cities and relates these meat 
surements to the potential indoor exposure that 
these children have received. 

Mathodi 

S/Mdr design. A total of 9,210 children participated In 
the ihiiial surveys. These children repreienied 12 sepa¬ 
rate cohorts from 6 cities. Two eitlH were surveyed f6r 3 
years, and a new group of nrst*grade school children 
was addhi each year^ Thus, these eiiirs provided g co¬ 
horts. Two cities were surveyed i for 2 years giving 4 
more cohorts, and 2 cities were surveyed once. In alt Ihe 
cohorts, more than 95 % of the children eligible becauM 
of their school grade were studied. 

Informaiion about the children*! cxpostiff was ob¬ 
tained from a quesfibnnaire, completed! by their 
parents, on the type of home-cooking device and home- 
heating fuel; the presence or absence of air eondilion- 
tng. and iihc presence or absence of adult smokers living 
in the household, as well as requesting permlulort to 
perform lung function tests on the children in the 
Khoots. 

Forced espiraiory measurements were performed 
using a waters filled low-lnerlla recording spirometer. 
The children did not wear nose clips and performed the 
ta^k in a sitting position, but with frec movement possi* 
htc. liach child had a minimum of S and a maximum of 
g attempts in an effort to obtain at least 3 acceptable 
tracings. Forced vital capacity (iFVC) and forced expira¬ 
tory volume ih I second (FGV,) were read from each 
tracing. Values were corrected to body temperature and 
pressure saturated wlih water vapor (am) and lum^ 
marl/cd os the mean of the 3 best efforts that were 
within 170 ml of each othcfb Standing height In stock¬ 
inged feet and weight were recorded fofi each child. 


There were g.XW children {95.3 % of the total seen) 
who were beiwrer) 6 yti and 10 yrs of age at the time of 
their initial survey, but the sample was reduced ito g. 120 
children by limiting the analyses to while children. 

For each child included imthe study, the lung function 
predicted I for his or her height was computed from a re¬ 
gression equation determined by using the children 
studied in the third year of follow-tip from 2 nf the 
citkt. Theie ctiildrm, who were ib sHthln the 5 to 95 
percmtilrs for their height comcied for oge, srere 
chosen for the uandard as they provided sufficient 
mimbm at each year of age between 6 yrs and 10 yrs 
(6|. The difference between the observed king function 
md the predicted value was obtained. These residuals 
were analyied using standard analysts of variance 
techniques. 

The reported disease rates were analyfed using tog- 
linear motkis. By this means it was possible to deter¬ 
mine slgnificani i niericttons between disease, age, sex, 
cohort, city, and home variahles. ArljMSted rites were 
computed based on models that included the signifikani 
Inieraciions (7). 

Information rcgirding the differcncesTn air quality 
associated with different cooking devices was obtained 
by selling up indoor-outdoor monitors in Kleeted 
householdf. These households were not necessarily the 
homes of children ih the study, but were seized to be 
representative of the kinds of living paiierns found In 
each community. The homes were sampled every sixth 
day for 24 h, and the same time period in each city. May 
1977 through April 1971, was used In all analyses. Mea¬ 
surements were carried out by a household umpiing 
unit, which was placed In an '"activity room,** a room 
tpeciflcally defined as not being the kliehen or bed¬ 
room. Maurrsplf able particu hues fmau median diame¬ 
ter of 3.5 pm) were collected on mitiipore filters (I), and 
NOi was ccdlecied by a bubbier technique and measured 
by the EPA Reference Method, a modified sodium ar- 
senlie method i(9|. 

The data on air pollutkHi levels were first adjusted to 
take into account missing vahies using a Hncar model 
for day of observation and site. The Influence of home 
variables was determined I by analysis of variance, with 
appropriate adiiiitmem of the residuil degrees of free¬ 
dom. In one household, iniiantaneout peak trveli of 
NOi were monitored lin the kitchen within 3 feet of a gas 
stove using a chemiluminescence monitor and a eonilnu- 
0 UI recording. 

Rttuttt 

Assessment of fxpasurt to NOi. About half of the 
homes in alt 6 cities had gas cooking stoves, and 
about half had electric cooking stoves. (Six *4 of 
the homes used some other form of cooking de¬ 
vice, alone or in conjunction with gas and/or elec¬ 
tricity (t,9 9k]. or else the type of cookir^g devke 
was not reporicd |4.l ^|.)11icre were, however, 
considerable differences between cities (figure l)i 
The distribution of the children by home cooking 
device ranged from a high of 82.2 9ii gas cooking 
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gloves in Si. LmiKio n low of 4.6 % in Kingilom health were availabk: data on previoui illnesses 
Harriman (figure I). reponed on qttestionnaircs completed by parents, 

Although ilie number of homes where air quah and data from tite current pulmonary function 
ity measurement were made is not large, ranging tests. The responses to .i questions about the prcr 
between 5 and 11 for. dirrereni cities, the number vious licallh of ilte cliildten were aiiaiy/eil. l ire 
of 24*h peritxls for which; maiclied indoor and questions asked if there was a history of bronchi- 
outdoor data are asailable it Kveral hundred (la- tis diagnosed by a physician, a history of serious 
ble 1), The homes were divided between gas and respiratory disease before age 2, and a history of a 
electric cooking devices, c.xcepi for Kingslon-Har- respiratory illness in the last year, 

riman where no homes with; gas stoves were Both the responses to these questions and the 
studied. The tcsulls sliow a gradicni of NQ* ICvcIt pulmonary function measurements were tested for. 
In homes with ekeiric stoves lluii refkct outdoor their relationship to several household varlabks; 
sources of NOi. High conccniralions in Water- type of cooking device, nature of fuel used for 
town were presumed lo bccouscd by the proxim- heating, presence of adult smokers, presence of 
kyofihomes, and therefore the monitors, to auto- ah conditioning, and socio-economic status of the 
mobile irarfic. A substantial increase in NO, levels family. Socio-economic status included both oc- 
In homes with gas stoves, except for Steubenville, cupallUn and educational aiiainmeni of the 
reflects the addition of indoor sources to tlie out- parents. 

dborlevel ofNO,.Thesear«24-h inicgratedlavcr- The 3 reported disease rales were analyzed by 
ages colleacdi in an ’’activity room,” but not in ntliivg log-IIncar models (7), Two of the variables, 
thekiichcni In some cities the daily 24-h Icvels en- type of home-hcoting fuel and air coiKiiiioning, 
countered in some households with gos stoves ex- were not related to the disease rates. Tlic social 
ceededlihc federal standard for the annual average class, parental smoking, and type of cooking 
of Ihe 24-h NO, Ibvels (100 f,g/m')i Such levelsfor stove variables had differing effects cm the 3 dis¬ 
integrated 24-h values indieatcdi that: peak expo- eases when each home variable was tested alone 
surcs must be subsinntially higher. This was cim- (table 2). As the risk factors ihemsnIVcs were inier- 

firroed in I househdd in which instantaneous related, each disease was evaluated in another log- 

monitoring: in the kitchen produced peak levels linear analysis that included these 3 home vari- 
over 1,100 fig/m* for short periods of time whcni ablos slnuitiancously. lh this multivariate atulysis, 
the oven was in use and peaks over 300 jig/m* the effect of the type of cooking stove had a slg- 

when a single gas burner was on (figure 2). nificant association with respiratory disease be- 

/ffo/rAda/o; Two sets of data on the children’s fore age 2, but not with the other 2 reported dli- 
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TABLE t 

INDOO<^ A>rfD OUTDOOR 24 W lEVEiS OE NO, IN 0 U S CITIES 
| MAY 1977 TO APRIL I97B) 
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(inhk », PBitmal tmokini.ftcai of Ihc 

tIihc 

whffi oiim wtftltkffi liOir 

£xHHifif.^ Dttca^c raic^ adjiivieU for naietiial 
\nM>Ling. MKtal cta^%. and ciiy*cohori rcsuticd in a 
difference of 35/11,000 among males and 30/1,000 
among Idnalcs hciHeen children in homes with 
dillcicfM ciHiLtngAilives. I.ouei raiev were found 
Hiichttilticn of hiiuscliolds with electric stoves for 
each vex in each ciiy-cotiorl adjustedTor p«ircniaf 
vnuiLiiig and siKinl class (figure 3). The efifccn of 
p.irrinai vnioLing and ciiy-cohorl on respiralory 
diHMsc IvfiHe age 2 are not independent, hut the 


effect of the type of cooking ftove appeared to be 
related to the other home variables. 

To assess the effect of home factors on pulmo¬ 
nary function In these chiidren, the difference be¬ 
tween the expected and observed FVC and FCV, 
was caknilatcd for each child. The effect of cohon 
(yr of It udy and city) and t he same home variables 
on the rcsidiial pulmnnar>' function were assessed 
by analysis Ilf variance* Preliminary regression of 
lung function on socio-economic status showed 
no rclaiiionship. There was a signiftcant effect tp 
< .01) of cohort on both FtV, and FVC. Thus, 
from city to city and from year to year there were 
diftereiKes in the height-adjuited pulmonars* 
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TABIC 2 

SINOLE CACrOA 000 lUTiSS (OR) AND CONFIDENCE UNITS (Cl) 
FOR HOME VARIABLES AND RCRORTEO DIBCASE RATES 


. ■ V .,. ■, • ^ , Ti.-:'* -•? 


. -ioeiol Ciaaa 

Nmnlai 

• •HamtCeeklnoi 

,5iiKindi)iaMa:f: 

Hiaiery a( doctor- 

■ 'OR 



■’i 

diagnoaad bfoncfittlt 

CL 

JS-liOS 

jM-i^e 

.T»-04t 

Striout rtipifilory 

OR 

1.11 

1J2 

1.12 

HlAttt bifors so* 2 

CL 

1.01-iiie 

tii^ur 


Aatpiralory Mlntas In tN 

OR 

1.11 

1.19 

084 

Itflytar 

CL 

1jOS-1i22 

1C1*1.19 

88-185 


function levels in these children, sfier adjusiihg 
for cii)>cohori effeciv. There were no significant 
as^ociiitioiiv bciMi'cii the picscncc of air coiidl- 
liunini; in the home and lung function measure* 
menis (table 4). Although the association between 
parental smoking and PVC was signiricant at the S 
V* level, withlan average range of IS ml, the result 
was the opposite of that anticipated! and there 
was no association between FEVi and parental 
smoking.Home heating and FEVi residuals were 
also signiricantl)’ associated at the S 4ti leveli The 
ovcr*all means covered a 2a*ml range and the or* 
dCring from low to high was oil, gas, electric. 

Although FEV, residuals were affected by 
home heating fuels, the most consistent and sig¬ 
niricant finding was the lower levels of both FVC 
andTUV. in children whose homes had gas cook¬ 
ing stoves compared with those whose homes had 
electric stoves..The over-all effect of home cook¬ 
ing, after correcting for cohort effect, was 16 ml 
and 18 mil respectively^ for FEV, and FVC. This 
effect is apparent in almost all Ihe cohorts. For 
FliV, in lO'of 12 cohorts, the children in homes 
with gas stoves had lower function than children 
in homes vilh electric stoves (figure 4). For FVC, 
only t of itic cohorts (St. Louis, first /ear), did 
not show lower levels of pulinonary function in 
cliililrcn living in lioines.wiiii gas stoves convp.vrcd 
vviili tihosf living in honicv .viih electric vioves 
(tiguic 4). An une\|»ccicJ fkiiding in these data 


was the low level of pulmonary function measuredi 
in Topeka, which is a'city with generally lower 
kscis of aminciii |v«»1luiioni III an aiicnipt no 
iiivcstigate this finding, wc tested Hite efif eel of dif- 
fnent interviewers, we reread the spirometer trac¬ 
ings to test the effect of readers, and we compared 
the values obtained on each spirometer by month' 
of study to test the possibility of a defective ma¬ 
chine. None of these tests explained the lower |wl« 
monary functibn values. In addition, the dbiribu* 
lion of height for age of the children in Tbpeka 
dkJ not differ signlflcaniiy from Ihe other cities. 
We were thus left with the observation that the 
pulmonary function measurements in the children 
in Topeka were low«r than in other cities and 
must assume that It was a cohort effect needing 
further study. 


Olseuaaten 

The significant associations found In this analysb 
were between home cooking siovn and both ill¬ 
ness hisioty and lung function. JR addiikMif-4hei|{r' 
was an association between .parental WcAing a^ 
dbeate hisior^The ihsporionce of these findings 
rests with the inieriprciaiiuns of these signiricant.. 
albeit relatively small! changes. SufFtciently large 
groups are being studied to obsersw miiuir dif¬ 
ferences between them. Tlic vt/c of'llicdiffefeiK’ev 
found wav conviviciil with the anticipated magiii- 


Table 3 

values OF O'* FOR specified DISEASE RATES FOR EACH HOME VARIABLE 
AFTER ADJUSTING FOR THE OTHER TWO HOME VARIABLES 

Social Clast Patantat Smoking HomaCooklng 



0* 

P 

0* 

p 

G* 

P 

Hisiofy Of doclof OiaDnosad bronchitia 

0 70 

NS 

1.10 

NS 

1.90 

NS 

Serious respiraioiy ttlnets bafora ago 2 

4 12 

<05 

10:21 

<01 

670 

<01 

Retpuatoiy iilnatt In tha laai yaar 

212 

NS 

4ia 

<05 

0.14 

NS 
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tudc of efifcci of environmeniil atetiit (ID, and 
the home meaturcmenit of air quality arc auppor* 
t«vc. 

The evidence that: homes with gas cooking 
stoves have higher IcvcH of NOi than aifflilar 
homes with electric stoves has been demonstrated 
a' number of limes (4, 5). and peak leveli mca* 
siircdlover yav stoves have on occasion been re* 


IKiried to reach approximately I ppm (l,tS0 
pg/m') for periods ofi lOTo IS miii. Thb was con* 
firmed in I houKhold during continuous moni* 
lorihg. Similarly we know from both our own In* 
vestiption aitd from the studies of Hinds and 
associates (12) that the mass respirable partkulaie 
htiids in hmisehoUH with smokers can he several* 
fold higher than in nonsmoking, households. 
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TABIC 4 


ANAtVSIS OF VARIANCE Of CHIIOREN'S lONO FUNCTION FOR HOME VAR'ABtCS 
(CITY-COHORT A0JU8TC0)* _ 
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Fi|. 4. Forced eipiraiory volume In 1 1 and forced vlUI 
copaciiy iniduali by cnhori and gat and dectrk Movei In 
chlldrai 410 10 VT) okl. (Numbers under ihe PGVi values 
are the ume for FVC values.) 

Oihcr factors affecting ihc asiociaiion between 
(lie disease undictihcr ilic presence of guistoves or 
sniokitig in (lie household seem to have been ext 
c)iidod!(ic.g.» socio-economic simiis. presence of 
air conditioning, andi the type of healing fuel). 

Ih considering the itnporiance of these Tindings^ 
a number of potential sources of bias must be 
evatuated. The (|ucstionnaire inforniation on 
disease rules for an individual child depends on 
the rccnli ability of the parents, and it may be 
hiused by the present slutus of Ihc child; The 
rcs|tonves also may he biased by the parents* hick 
ill kiunv Icilge. No aiiemiii was made to have diKs 
uir c<iiirirmiiiioti of diagnosed dmnisc confirmed 
iiulc|>endcivtl>. Ii seems iinlikely, however, iltal 
any hiuNCs iniriHliiant liy these means would be 
related to the lyiK ol home cmiking stove ctmsis- 
Icnily foi each city and eaclncohoiii: 

I he gtHHl ies|><Hi\c laic, and the sai**‘iliiig plan 
that eiiMitCN that all poieiiiiatly available children 
are vecii tiicaiiv that the samples arc representative 
of the ciliev. 

The pultnonary funciinri datai are potentially 
subject to dilTereni sources of bias than the qtics- 
Ittmnairc data. These incitidc possible interviewer 
bias, tnalilMnciioiiiiig mavbinc, aiul biased reading 
ol theApiioiiietef liaciin*. All these soutcevof bias 
have been liutked Im and base not been loiitul. In 


any case, neither the fictd screeners nor the 
readers were aware of the individual child's home 
environment when the spirometry was performed i 
or when the tracings wrre read. Thus, we cannot 
atiribulc any bias to association with home vari- 
rsbics. 

Essenliatly, the interpretation of the pulmonary 
function finding rebies to the sensitivity of the 
meisuremeiii and the biologic expectation of the 
magnitude of anticipated Icffeet in a group of chil¬ 
dren between 6 yrs and 10 yri of age. We used 
FEV, as a measure of airflowobstruct ion In these 
children, not because we believed it to be the best 
measure of early obstruction, but because our 
plan b to follow these children osier seseral yean. 
After several years they will be at a point at which 
a stable estimate of change in pulmonar>* function 
can be related to our understanding of the devel¬ 
opment of aduh obstructive airways disease: In 
these children, many of whom can empty their en¬ 
tire FVC in less than 2 s« Itic FEV, docs not mea¬ 
sure obstruction! as much as It; measures FVC. 
Thus^ ft Is reassuring to find simitar changes in 
both measures when trying io understand the sig^ 
nificince of any given finding. 

Our undentanding of the bkitogy of fting 
growth and the natutc of the onset of obstructive 
lung disease In adult life lead us to believe that 
only minor difference iti the rate of funciiioning 
lung growth in young children could lead to these 
children nol reaching ilictr full adult lung si/c. 
(We arc using FVC av a etude indicator of lung 
sire rccogiu/ing that Ihc TFC includes not only 
FVC but also the residual volume; which is not be¬ 
ing measured in these field studies.) We do not 
know whether failure to reach futlladitti lung si/e 
ivrclaicd to the subsequent siisceptibihiy of de\el¬ 
oping ohsiruciivc lung disease, hut it is not an 
unicitaihic hypothesis itiai Iluisc persons with 
minor impairment oi total lung growth are ttioic 
susccptihic to rupid decline hi pulmonaryTunciion 
in ud It It Iirc(ll3). 

These results differed from iIuhc fcporled hi 
the liieratiiiic to dine only in iiuhIcm wavs. The 
I'iiuiingv oti Meiia aiuf lO uoiieiv (2l uyatditig 
hnvet tevpitatoty tiaci illness talcs in cliiUlicn 
wliosc homes liaic gas stoves wetc siinitai. I hat 
study wav ctiiici/cd iHvatise it did not have smok¬ 
ing dota. In this study the adjusiinciii of rates of 
illness before age 2 for smoking knl to a clear 
assiKUitioit wtili gits c<H>king devices; iiowever,, 
the adjitstmciit of the othei 2 hisioritval disease in¬ 
dicators reduced the assivtaiiims foiiiuH Ihc 
study of Kelicf and associates (141 of tniih acltths 
and children m a wlccted sample ol hoitsciiiiUK 
suggest no as •4>eiatioii of gas stoves witli icspiia- 
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iiifv iliMM NC Tim study nic.tsur€d tnctdcnct 
of acme fCNpiraiory di^ai^c over the course of I 
year; hiii the nuiiiHer of childl^cn studied was quite 
small and clearly didinoi represent a fteneralipopu* 
blioiii tkHihiiys and co-wivkers (|5) did study 
popuLitiioii hased samples of children and adults, 
hm oti! of the 7,0ll0 persons studied only 165 
children bcrwecn ihc afsev of 7 yrs and H yrs were 
incliidCxl from the 2 comnuinities under insiestiisa* 
lioii (16). Iihiis, the fact that they were unable to 
find an asscKiaiion with home cooking devices 
may he atiributed to the small number studied. 

Taper and asstviaics (I7)i using a different indi¬ 
cator of airways obstruction (inid^maxjmum ex¬ 
piratory Hou). found an association between the 
pulmonaiv function levels in children and the 
number of vniokeiv tn the household. No such 
asMvimiim itviripM:\'i was found in this sttidy. 
lilts may mcaiv that the airways obstruciion 
mcasttreniem %vas insensitive. 

l uriilicr follow -up of these cohorts ate under¬ 
way. lUvaiise ilicscdaia deal with rerrospcclive in- 
roriination. ilic initial findings reported here need! 
replication to nisurc that some subtle bias or 
aheinative evpianaiion for the findings has not 
been iiseriliH^ked. If the relative posilibn of these 
chitdrcirs lung si/cs changes on repeated assess¬ 
ment, it w ill be iiupiniant to assess the factorsihat 
influence the change. These Inciors may include 
changes in atiibietil piilhition (outdoor levels) or 
changes in personal pollution (thdiKir exposures 
and cigarette smoking). In addition, other per- 
stHiaJ factors such as frequency of respiratory in^ 
tCiMioiis, familial history of disease, or other 
recogni/ed potential risk factors for developing 
chioiuc obsinictivc respiratory disease not dis¬ 
cussed in this report w ill need to be considered. 

t he Mtucis MiiHilif hie lu itiank the liKal sehoid survf- 
intendriiis. rhe pfiiK*ip«ls, and the icAchcrswho all«>wcd 
IIS into iticir ehi\s9(K>ms: our fiielif teano ksf hy CMIum* 
bU*. It ( 4i(\ and S MaiiciKl; I). IhHler) tor ihe in- 
d««i»f «Mii«t4«i»i out orriocsHHiidiitaiing statl 

led In S Ptilett Abo 1. Weetiri. M. I evensieiti. andit). 

for levhrtKMl eiHiipuiiMr asdviam'e, ami III. 
Taphn ami M . M.Ssiefs for scv ietaiiial and ediioiial sup. 
pot It 
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